Abstract Attention biases towards threatening and sad stimuli are associated with pediatric anxiety and depression, respectively. The basic cognitive mechanisms associated with attention biases in youth, however, remain unclear. Here, we tested the hypothesis that threat bias (selective attention for threatening versus neutral stimuli) but not sad bias relies on stimulus-driven attention. We collected measures of stimulusdriven attention, threat bias, sad bias, and current clinical symptoms in youth with a history of an anxiety disorder and/or depression (ANX/DEP; n=40) as well as healthy controls (HC; n=33). Stimulus-driven attention was measured with a non-emotional spatial orienting task, while threat bias and sad bias were measured at a short time interval (150 ms) with a spatial orienting task using emotional faces and at a longer time interval (500 ms) using a dot-probe task. In ANX/ DEP but not HC, early attention bias towards threat was negatively correlated with later attention bias to threat, suggesting that early threat vigilance was associated with later threat avoidance. Across all subjects, stimulus-driven orienting was not correlated with early threat bias but was negatively correlated with later threat bias, indicating that rapid stimulusdriven orienting is linked to later threat avoidance. No parallel relationships were detected for sad bias. Current symptoms of depression but not anxiety were related to decreased stimulusdriven attention. Together, these results are consistent with the hypothesis that threat bias but not sad bias relies on stimulusdriven attention. These results inform the design of attention bias modification programs that aim to reverse threat biases and reduce symptoms associated with pediatric anxiety and depression.
Anxiety disorders and depression are common, debilitating mental health disorders with symptoms that often emerge during childhood (Merikangas et al. 2010) . Emerging evidence suggests that selective attention to negative stimuli is related to the etiology of anxiety and depression in both youth (Eldar et al. 2008 ) and adults (MacLeod et al. 2002) . In adults, anxiety has been robustly associated with attention bias to threatening stimuli (Bar-Haim et al. 2007) , while depression has been linked with attention bias to sad stimuli (Peckham et al. 2010) . Although attention biases to negative stimuli have also been associated with pediatric anxiety and depression, the patterns of attention biases in youth are less clear compared to adults (Pine et al. 2009; Puliafico and Kendall 2006; Shechner et al. 2012 ). This lack of clarity represents an important gap in the literature in understanding how attention biases develop and become stable. Despite the incomplete characterization of attention biases in youth, computer-based programs have been shown to reduce attention biases to negative stimuli and alleviate symptoms of anxiety and depression in adolescents (Eldar et al. 2012; Lowther and Newman 2014; Shechner et al. 2014) as well as adults (Browning et al. 2012; Hakamata et al. 2010) . Given that anxiety and depression in childhood and adolescence may represent the onset of an aberrant neurodevelopmental cascade (Pine 2007) , coupled with the observation that childhood is a period of relatively greater neuroplasticity, elucidating and modifying attention biases in children may represent a unique opportunity to prevent a lifetime of symptoms. Unfortunately, the basic cognitive and neurobiological mechanisms associated with attention biases, especially in youth, remain poorly understood.
Work in adults suggests that the maladaptive pattern of attention to threat associated with anxiety disorders differs from the pattern of attention to sad stimuli associated with depression. Anxiety symptoms and disorders in adults are associated with a vigilance-avoidance pattern of attention to threatening stimuli (Cisler and Koster 2010; Mogg et al. 2004 ). Immediately after a threatening stimulus appears, highly anxious individuals orient more rapidly (Koster et al. 2006; Mogg et al. 1997 ) and have greater difficulty disengaging attention from the threatening stimulus (Amir et al. 2003; Fox et al. 2001; Koster et al. 2005) relative to low-anxious individuals. At longer durations, however, adults with high anxiety attend away from or avoid threatening stimuli (Koster et al. 2005 Mogg et al. 2004) . Depressive symptoms and disorders, in contrast, have been robustly linked to difficulty disengaging attention from sad stimuli even at longer durations Sanchez et al. 2013; Teachman et al. 2012) . Most evidence indicates that depressed adults do not, however, orient more rapidly to sad stimuli compared to non-depressed individuals (Cisler and Koster 2010; Teachman et al. 2012 ), but depressed adults tend to linger attention on sad stimuli for several seconds after stimulus onset (Peckham et al. 2010) .
The patterns of attention biases in anxious and depressed youth to threatening and sad stimuli are less clear. Although there is also experimental evidence for a vigilance-avoidance pattern of attention to threatening stimuli in anxious youth (In-Albon et al. 2010) , the pediatric literature is mixed with many reports of threat vigilance in anxiety (Dalgleish et al. 2003; Roy et al. 2008; Taghavi et al. 1999; Vasey et al. 1995; Waters et al. 2010; Waters et al. 2008) , but also several reports of threat avoidance Brown et al. 2013; Monk et al. 2006 ). More work is needed to determine whether the mixed pediatric literature is partly a result of threat vigilance in studies that measure threat bias at short durations and threat avoidance in studies that measure threat bias at long durations. Two studies examining eye movements to emotional faces have reported early threat vigilance in anxious youth but failed to detect later threat avoidance (Seefeldt et al. 2014; Shechner et al. 2013) . The reasons for the mixed literature in youth are multifactorial and may include developmental considerations, sample selection, and task design (Pine et al. 2009; Puliafico and Kendall 2006; Shechner et al. 2012) . Studies of sad bias associated with depression in youth are relatively rare, with both attention bias towards sad stimuli (Hankin et al. 2010 ) and attention bias away from sad stimuli (Harrison and Gibb 2014) reported. Youth with comorbid anxiety and depression appear to exhibit attention bias towards both threatening and sad stimuli (Harrison and Gibb 2014) . Further studies are warranted that describe the pattern of attention biases in anxious and depressed youth.
In addition to these associations with active symptoms, attention biases appear to confer risk for the development of anxiety and depression. School-age daughters of depressed mothers, at high risk for depression on the basis of family history, exhibit an attention bias towards (Joormann et al. 2007; Kujawa et al. 2011) or away (Gibb et al. 2009 ) from sad stimuli, while daughters of mothers with panic disorder exhibit a bias towards physical health-related threat cues (Mogg et al. 2012) . Infants and toddlers with high behavioral inhibition, a temperamental risk factor for anxiety and depression (Fox et al. 2005) , develop social withdrawal as young children (Perez-Edgar et al. 2011 ) and adolescents (Pérez-Edgar et al. 2010 ) only if they also exhibit an attention bias towards threat. Because attention acts as a filter to further processing, children with attention biases towards negative stimuli may have a disproportionately more intense experience with negative stimuli (Derryberry and Reed 2002; Derryberry and Rothbart 1997; Lonigan et al. 2004) , conferring risk for anxiety and depression. As such, it is especially important to study mechanisms underlying threat and sad biases in children, because attention biases may be the gateway to an aberrant neurodevelopmental cascade resulting in symptoms of depression and anxiety in adulthood (Pine 2007) .
The vigilance-avoidance pattern of attention to threatening stimuli in anxiety versus the difficulty disengaging from sad stimuli in depression suggests that different basic attention processes are involved, even though the same individual may exhibit both biases. One hypothesis is that anxiety symptoms are associated with automatic orientation of attention to threatening stimuli whereas depressive symptoms are associated with non-automatic, goal-directed attention to sad stimuli (Cisler and Koster 2010; Teachman et al. 2012; Williams et al. 1997) . This distinction parallels the division between 'stimulus-driven' and 'goal-directed' attention in a common biologically informed model of spatial attention (Chica et al. 2013; Corbetta and Shulman 2002) . In this model, stimulus-driven attention refers to the involuntary orientation of attention to the location of salient stimuli shortly after they appear (<150 ms). This rapid orientation of attention towards salient stimuli is followed by a shift away from the location of the stimulus within 500 ms, a phenomenon referred to as inhibition of return (Klein 2000) . Early automatic orientation followed by later inhibition of return may parallel the vigilance and avoidance phases of attention to threat in anxiety, although some evidence suggests that the avoidance phase is a goal-directed, adaptive process that serves to minimize distress (Derryberry and Reed 2002; Lonigan and Vasey 2009; Lonigan et al. 2004) . In contrast to stimulus-driven attention, goal-directed attention refers to the slower (~500 ms), voluntary shift of attention to locations based on an individual's current goals and is generally not associated with inhibition of return. Sad bias in depression unfolds over time in a manner consistent with goal-directed attention.
A limited evidence base suggests that attention mechanisms themselves, irrespective of emotional content, may be altered in youth with anxiety and/or depression. According to Eysenck's attentional control theory, anxiety disorders are associated with increased stimulus-driven attention and decreased goal-directed attention, regardless of emotional content of stimuli (Eysenck et al. 2007 ). Consistent with this theory, a study of adults reported faster stimulus-driven attention to non-emotional stimuli in participants with high state anxiety relative to adults with low state anxiety (Pacheco-Unguetti et al. 2010) . Furthermore, studies in both youth (Hogan et al. 2007 ) and adults (Bruder et al. 2002; Li et al. 2011 ) support an increase in specific electroencephalographic (EEG) signals that may reflect stimulusdriven attention associated with symptoms of anxiety. Interestingly, a few studies suggest that these same EEG signals, possibly reflecting stimulus-driven attention, are decreased in depression (Bruder et al. 2002; Li et al. 2011; lv et al. 2010) , and it has been proposed that depression is associated with decrements in both stimulus-driven and goal-oriented attention (Sylvester et al. 2012) .
The evidence reviewed above suggests that attention biases are important keys to the developmental psychopathology and, potentially, to the treatment of youth with anxiety disorders and depression. Elucidating mechanisms of attention bias in youth may inform the design of treatments to modify these biases earlier in life and potentially prevent a cascade of pathology. In the present study, we explored three related issues. First, we tested the hypothesis that the magnitude of threat bias but not sad bias is associated with stimulus-driven attention. We predicted that an individual's stimulus-driven attention to generic, non-emotional stimuli should be related to that individual's attention bias towards threatening but not sad stimuli. Second, we explored the relationship between current symptoms of anxiety and depression and stimulus-driven attention. As above, limited data suggest that stimulus-driven attention is positively associated with symptoms of anxiety but negatively correlated with symptoms of depression. Finally, we examined whether the relationship between stimulus-driven attention and threat bias varies depending on clinical history. Stimulus-driven attention may be linked to attention bias towards threat but not sad stimuli in all children or exclusively in children with a history of anxiety or depression.
To address these issues, we collected measures of stimulusdriven attention, threat bias, sad bias, and current clinical symptoms of anxiety and depression in a well-characterized longitudinal cohort of youth with a history of an anxiety disorder and/or depression (preschool onset depression or DSM-IV-TR defined major depressive disorder) as well as healthy controls with no psychiatric history (Luby et al. 2009b ).
Previous work in this sample demonstrated a significant relationship between attention bias toward threat and resting state functional connectivity of the ventral attention network, a functional brain network putatively involved in stimulusdriven attention (Sylvester et al. 2013 ). This earlier study provides some initial, indirect evidence that stimulus-driven attention may be related to attention bias towards threat. Diagnostic data are available in annual waves in this cohort from age 3 to 6 years through the time of the current study (average age 12.9 years). We took advantage of the high comorbidity between anxiety disorders and depression in the study sample to investigate threat bias and sad bias in the same cohort in order to minimize uncontrolled group differences as a confounding factor. Given that many of the youth in this study had a history of an anxiety disorder or depression, this sample represents a critical target population to inform the design of treatments that modify attention biases.
Method

Participants
The Institutional Review Board at Washington University School of Medicine approved all procedures. Subjects were drawn from the ongoing Validation of Preschool Depression Study for which detailed methods have been previously described (Luby et al. 2009a, b) . As an overview, beginning in 2002, children aged 3 to 6 years were screened from primary care sites and oversampled for symptoms of depression; psychiatric and healthy control subjects were also obtained. This rich dataset includes longitudinal sociodemographic, clinical, and neuroimaging measures. A subset of subjects with a history of an anxiety disorder and/or depression as well as healthy controls was invited to participate in a variety of attention tasks for the current study.
We divided subjects into youth with a history of an anxiety disorder and/or depression (ANX/DEP) and healthy controls (HC). Anxiety disorders included separation anxiety disorder, generalized anxiety disorder, social phobia, agoraphobia, and specific phobia. HC children had no history of any psychiatric disorder. Annual diagnostic assessments were determined by parent report on the Preschool-Age Psychiatric Assessment (Egger et al. 2003 ) for children aged 8.0 years and younger and by combined parent and child report (from separate interviews) (Bird et al. 1992 ) on the Child and Adolescent Psychiatric Assessment (Angold and Costello 2000) for children older than 8.0 years. Trained staff conducted interviews and established procedures maintained inter-rater reliability. The duration criterion was set aside for a diagnosis of depression arising during the preschool period (before age six) (Gaffrey et al. 2011) . Group status was based on any history of a DSM-IV-TR axis I disorder before the behavioral task. For the current study, data of interest were available for 74 subjects (40 ANX/DEP and 34 HC youth). Table 1 describes lifetime diagnostic status and diagnostic status at the time of the most recent assessment in each group.
Tasks
Testing was conducted in a darkened room with a trained research assistant and the child. Subjects were seated at a computer. In all tasks, subjects' task was to discriminate whether a target pair of dots was oriented vertically (:) or horizontally (..) by pressing one of two buttons on a keyboard. Subjects were instructed to respond as quickly as possible without sacrificing accuracy. Accuracy was meant to be near ceiling and reaction time was the dependent measure. See Generic Spatial Orienting Task (G-SOT) Subjects performed a standard spatial orienting task to measure stimulus-driven attention. A central fixation cross appeared for 500, 1000, or 1500 ms (randomly) followed by the presentation of a square six degrees to the left or right of fixation. After 150 ms, the square disappeared and the target pair of dots appeared randomly at the left or right position (no relationship between cue square and target). Following the subject making a button press response, a blank screen was presented for 1100 ms before the next trial began. Stimulus-driven attention was calculated as the average reaction time to targets that appeared at the uncued location minus average reaction time to targets that appeared at the cued location. The higher the magnitude of stimulus-driven attention, therefore, the more strongly attention is captured by the square box cue.
Emotional Spatial Orienting Task (E-SOT) Procedures were identical to the generic stimulus-driven attention task except the cue was a single face with either an angry, sad, or neutral expression (selected randomly without replacement). Faces used in the E-SOT and the dot-probe task were a subset of the NimStim stimuli (Tottenham et al. 2009) . Threat bias at 150 ms was calculated as the average reaction time for targets at the same location as neutral cue faces minus reaction time for targets at the same location as angry cue faces. Note that angry faces cues and neutral face cues were presented on separate trials. Sad bias at 150 ms was calculated in a parallel fashion using sad faces instead of angry faces. Because these measures of threat bias and sad bias depend only on reaction times to cued locations, these calculations represent increased engagement by emotional versus neutral faces (Koster et al. 2006) . Threat bias measured with the E-SOT, therefore, indicates the degree to which angry faces more strongly capture attention compared to neutral faces.
Dot-Probe Task (DPT)
Subjects performed a standard dotprobe task to measure threat bias and sad bias. Subjects viewed a central fixation cross for 500 ms followed by the presentation of two faces (from the same actor), centered 6°t o the left and right of fixation. One of the two faces had a neutral expression while the other face had (randomly) either a sad or angry expression. Location of the neutral versus emotional face was selected at random. Five hundred milliseconds after stimulus onset, the faces disappeared and the target appeared randomly at the location of the neutral or emotional face. Following subject response, a blank screen was presented for 1300 ms before the next trial began. Threat bias at 500 ms was calculated as reaction time for targets that appeared at the location of neutral faces minus reaction time for targets that appeared at the location of angry faces in the subset of trials that had an angry face/neutral face stimulus pairing. Sad bias was calculated in a parallel fashion. Previous experimental work suggests that the measure of threat bias or sad bias as calculated by the dot probe represents both engagement with and difficulty with disengagement from the emotional stimuli (Klumpp and Amir 2009; Koster et al. 2004) . A higher value of threat bias measured with the DPT, Fig. 1 Attention tasks to measure stimulus-driven attention (G-SOT), threat bias and sad bias at 150 ms (E-SOT), and threat bias and sad bias at 500 ms (DPT). In each task, the trial begins with a central fixation cross followed by the presentation of a single box cue (G-SOT); a single face with a neutral, angry, or sad expression (E-SOT); or a pair of faces with neutral and emotional expressions (DPT). Following the delay indicated in each panel in red, a target pair of dots appears randomly at the left or right location and the subjects' task is to indicate with a button press whether the dots are oriented vertically or horizontally therefore, could reflect either how strongly the angry face captures attention and/or how difficult it is for the subject to reorient to the location of the neutral face after the angry face has captured attention.
Experimental Procedure
Informed consent was obtained from parents and assent was obtained from all child participants. Parents completed questionnaires and rating scales while youth completed the experimental tasks. Subjects completed ten task blocks (two G-SOT, four E-SOT, and four DPT) each with 48 trials. Block order was selected at random with the stipulation that subjects had to complete one G-SOT block, two E-SOT blocks, and two DPT blocks before completing the remaining five blocks. During all task blocks, subjects placed their heads on a chinrest in order to standardize the distance between head and screen for all subjects. Tasks were programmed in E-Prime (Psychology Software Tools, Pittsburgh, PA). Subjects were asked to redo task blocks in which performance accuracy was less than 80 %. During the same session, subjects and their parents completed parent and child versions of the Child Depression Inventory (CDI) and the Screen for Child Anxiety Related Disorders (SCARED) and the parent version of the Conners (to assess ADHD symptoms). Subjects and their parents also completed questionnaires regarding medication use in the past 48 h. IQ was assessed at separate lab visits over the last 4 years using either the Wechsler Abbreviated Scale of Intelligence (WASI) or the Kaufman Brief Intelligence Test (K-BIT).
Data Analysis
Trials with incorrect responses and trials with reaction time greater than 3000 ms were first removed. Next, for each task block type, trials with reaction time two standard deviations from the mean for that subject were removed. We also removed any subject average measure (e.g., threat bias with the DPT) that was two standard deviations from the sample mean.
To explore the spatial orienting tasks (G-SOT and E-SOT), we used a repeated measures ANCOVA with cue type (square box, angry face, sad face, neutral face) and cue location (valid: target appears at cued location versus invalid: target appears at uncued location) as within-subject factors. Age was included as a covariate because it was significantly related to stimulusdriven attention (see Results).
To test whether measures of stimulus driven attention, threat bias, and sad bias were significantly different from zero, we used one sample t-tests. We used a paired t-test to determine whether stimulus-driven attention measured using only the G-SOT was different from stimulus-driven attention using data from the G-SOT and the E-SOT. We used two sample t-tests to compare measures of threat bias, sad bias, and stimulus-driven attention in ANX/DEP versus HC. We additionally explored relationships between different tasks and clinical symptoms by computing Pearson's correlations. Correlations were compared to each other using Fisher's rto-z transformation and comparing z-values with an online tool (Preacher 2002) . Where indicated in the results, age was included as a covariate in analyses.
Results
Of the 97 individuals contacted for this study, 83 agreed to participate. Relative to subjects who participated, subjects who refused were more likely to be male, χ 2 (1) = 4.7, p=.03, but there were no differences in diagnostic status, χ 2 (1)=1.7, p=.43; ethnicity, χ 2 (2)=0.03, p=.99; age, t(94)= 1.0, p=.30; or IQ, t(89)=0.79, p=.43. One subject was excluded from all analyses because of excessively long reaction times across all tasks. Three of the children with a history of anxiety and/or depression (ANX/DEP) and three of the healthy controls (HC) had to redo task blocks because of accuracy less than 80 %. Nine of the participants had a history of a psychiatric illness (e.g., ADHD) but no history of anxiety or depression; these subjects were excluded from analyses.
The following demographic data pertain to the 73 participating subjects with usable data and are summarized in Table 1 . ANX/DEP participants were significantly older than HC, but there were no significant group differences in gender, ethnicity, or IQ. As expected, there were significant differences in a range of clinical symptoms between ANX/DEP and HC. Six ANX/DEP subjects reported psychotropic medication use in the past 24 h (one on stimulant and antidepressant, one on stimulant and antipsychotic, three on antidepressant alone, and one on stimulant alone), compared to two HC subjects (both on stimulants alone). With one exception, detailed below, all significant results described below remained significant when the subjects using psychotropic medication in the past 24 h were eliminated from analyses.
We assessed the relationship between task-based measures of attention and the following factors that were not the focus of the current study: sex, gender, and inattentive and hyperactivity symptoms based on parent report from the Connors. All relationships were non-significant with the exception of a significant negative correlation between age and stimulus-driven attention (r=−0.27, p=.03). Based on this result, we controlled for age in all analyses described below that included stimulus-driven attention.
Attention Biases and Stimulus-Driven Attention
Means and standard deviations for all attention measures are listed in Table 1 . The spatial orienting tasks (G-SOT and E-SOT) were explored with an ANCOVA examining the effects of cue type and cue location on reaction time. As expected, subjects had significantly faster reaction times at cued versus non-cued locations for all cue types (square box, angry face, sad face, neutral face) as indicated by a main effect of cue location, F(1,201)=10.1, p=.002, partial η 2 =.13. There was no main effect of cue type, F(3,201)=0.53, p=.66, partial η 2 =.008, nor was there an interaction between cue type and cue location, F(3,201)=0.71, p=.55, partial η 2 =.010, suggesting that all cue types manipulated stimulus-driven attention in an equivalent manner.
As expected on the basis of the omnibus ANCOVA described above, stimulus-driven attention, as measured by the G-SOT, was significantly greater than zero, M=38.4 ms, t(66)=7.8, p<.001, d=0.95. The omnibus ANCOVA suggests that there were no statistical differences between stimulusdriven orienting to the square box cues from the G-SOT and the three faces from the E-SOT. Nevertheless, in analyses below that examine relationships between stimulus-driven attention and attention biases, based on our original hypothesis, we use the measure of stimulus-driven attention derived only from the G-SOT. The pattern of results was unchanged when using data from both G-SOT and E-SOT as the measure of stimulus-driven attention.
The E-SOT was used to calculate attention bias for angry versus neutral faces (threat bias) as well as attention bias for sad versus neutral faces (sad bias) 150 ms after the faces appeared. As expected on the basis of the null results from the omnibus ANCOVA described above, across all subjects there was no net threat bias, M=2.4 ms, t(67)=0.39, p=.70, d= 0.05, nor sad bias, M=3.4 ms, t(68)=0.63, p=.53, d=0.08, at this shorter time interval. The dot probe task (DPT) was used to calculate threat bias and sad bias 500 ms after the faces appeared. Averaged across all subjects, participants exhibited a significant bias towards threat, M =11.1 ms, t(66)=2.5, p=.018, d=0.30, but no bias towards or away from sad, M= −0.85 ms, t(67)=0.25, p=.80, d=0.03, at this longer time interval.
To test the hypothesis that threat bias but not sad bias is associated with stimulus-driven attention, we examined the relationships between stimulus-driven attention, threat bias and sad bias at 150 ms, and threat bias and sad bias at 500 ms. Complete results are detailed in Tables 2 and 3 . Across all subjects, threat bias at 150 ms was negatively correlated with threat bias at 500 ms (r=−0.26, p=.038), suggesting that early threat vigilance was associated with later threat avoidance. In addition, stimulus-driven attention was significantly negatively correlated with threat bias at 500 ms across all subjects (r=−0.28, p=.027), suggesting that rapid orientation to a generic, non-emotional cue is associated with threat avoidance at longer time intervals. Stimulus-driven attention was not, however, significantly correlated with threat bias at 150 ms (r=−0.024, p=.85). In contrast to threat bias, there were no significant correlations between sad bias at 500 ms and either sad bias at 150 ms (r=−0.06, p=.62) or stimulus driven attention (r=−0.11, p=.29). Across all subjects, threat bias and sad bias at 500 ms were negatively correlated with each other (r=−0.30, p=.017).
Measures of Attention and Clinical Symptoms
We examined whether the measures of attention described above varied depending on current symptoms or lifetime diagnosis of an anxiety disorder or depression. Correlations between current clinical symptoms and measures of attention are described in Table 4 . Limited empirical data suggest that stimulus-driven attention may be positively correlated with current symptoms of anxiety but negatively correlated with current symptoms of depression. Consistent with these prior data, current depressive symptoms as measured by the CDI (averaged across parent and child reports) were significantly negatively correlated with stimulus-driven attention (r = −0.26, p=.038; became non-significant when subjects using psychotropic medicines were removed). This correlation remained significant when using only parent report measures (r=−0.32, p=.008, remained significant when subjects using psychotropic medications were removed) but not when using only child report (r=−0.001, p=.99). Contrary to our expectations, we did not detect any relationship between stimulusdriven attention and current symptoms of anxiety as measured by the SCARED (r=−0.02, p=.87). Furthermore, stimulusdriven attention was no different between youth with a prior history of a diagnosed anxiety disorder and/or depression Threat bias and sad bias at 150 ms were not significantly related to current clinical symptoms, nor did these measures differ between ANX/DEP and HC (all p>0.30). Current depressive symptoms, however, were significantly positively correlated with sad bias at 500 ms (r=.30, p=.01). This correlation held when looking at child report alone (r=.24, p = .045) or parent report alone at trend level (r = .24, p=.053). Current symptoms of anxiety were not significantly correlated with threat bias at 500 ms (r=−0.15, p =.35). Concerning lifetime history of anxiety or depression, ANX/ DEP exhibited neither a threat bias, M=0.89 ms, t(36)=0.2, p=.87, d=0.03, nor a sad bias, M=6.6 ms, t(37)=1.6, p=.12, d=0.26, at 500 ms. These bias values were essentially unchanged when restricting threat bias calculations to the subset of ANX/DEP with a history of anxiety (0.13 ms) and sad bias to those with a history of depression (1.8 ms). HC, on the other hand, exhibited a significant attention bias towards threat at 500 ms, M=23.6 ms threat bias, t(29)=3.3, p=.003, d=0.60, and a non-significant trend for an attention bias away from sad at 500 ms, M=10.2 ms sad avoidance, t(29)=2.0, p=.056, d= 0.37. Relative to HC children, ANX/DEP children had significantly lower attention bias towards threat versus neutral faces, M=22.7 ms difference, t(65)=2.6, p=.012, d=0.63, and significantly higher attention bias towards sad versus neutral faces, M=16.9 ms difference, t(66)=−2.6, p=.012, d= 0.63, at the interval 500 ms following the onset of face pairs.
Prior History of an Anxiety Disorder or Depression and the Relationship between Stimulus-Driven Attention and Threat Bias
Finally, we tested whether the significant relationships between stimulus-driven attention, threat bias at 150 ms, and threat bias at 500 ms, described above, varied depending on lifetime diagnostic history. We expected that all children, regardless of prior psychiatric history, would demonstrate a significant relationship between stimulus-driven attention and threat bias. Contrary to this prediction, the negative correlation between threat bias at 150 ms and threat bias at 500 ms was significant in the ANX/DEP group (r=−0.41, p=.013) but not HC (r=0.08, p=.69), and the ANX/DEP versus HC correlation values were significantly different from each other (p=.05; see methods for details). The negative correlation between stimulus-driven attention and threat bias at 500 ms was significant in ANX/DEP (r=−0.39, p=.023) but not HC (r= −0.17, p=.38), although no difference was detected between Across-subject Pearson's correlations were computed between measures of stimulus-driven attention, threat bias, and sad bias in the entire sample (top row) and when the sample is divided into children with a history of an anxiety disorder and/or depression (middle row) and children with no psychiatric history (bottom row). No correlations are presented for threat bias at 150 ms and sad bias at 150 ms because both measures involve subtraction of average reaction time to valid neutral cues in the E-SOT, which could induce spurious correlations. *=p<.05 and **=p<.01 groups. Fig. 2 depicts these significant results for ANX/DEP graphically by illustrating that the 50 % of subjects with the greatest threat avoidance at 500 ms had greater threat vigilance at 150 ms and greater measures of stimulus-driven attention relative to the other 50 % of subjects. Finally, the negative correlation between threat bias at 500 ms and sad bias at 500 ms was significant in ANX/DEP (r = −0.34, p=.04) but not HC (r=−0.12, p=.55), but again this correlation was not significantly different between groups.
Discussion
This study explored relationships between stimulus-driven attention, attention bias towards threatening stimuli, attention bias towards sad stimuli, and current clinical symptoms in school aged youth with a history of anxiety or depression as well as healthy controls. Results provide several pieces of evidence supporting the hypothesis that stimulus-driven attention is associated with threat bias but not sad bias in youth that have suffered from an anxiety disorder or depression. First, rapid vigilance to threatening stimuli was associated with later avoidance of threatening stimuli exclusively in children with a history of anxiety or depression. This vigilance-avoidance pattern of attention is consistent with stimulus-driven capture of attention by threatening stimuli. Second, rapid vigilance to generic, non-emotional cues (i.e., stimulus-driven attention) was likewise associated with later avoidance of threatening stimuli in children with a history of anxiety or depression. This result is consistent with the hypothesis that stimulusdriven attention is the mechanism underlying later avoidance of threat in children prone to anxiety or depression. Attention bias towards threat is robustly associated with anxiety (Bar-Haim et al. 2007 ) and may be related to the etiology of anxiety disorders (Eldar et al. 2008; MacLeod et al. 2002) . While altered attention to threat has been consistently reported in anxious youth, some studies report attention bias towards threat while others report attention bias away from threat (Pine et al. 2009; Puliafico and Kendall 2006; Shechner et al. 2012) . Persistent attention to threatening stimuli results in more time spent experiencing negative stimuli, conferring risk for anxiety and depression (Derryberry and Reed 2002; Derryberry and Rothbart 1997; Lonigan et al. 2004) . In contrast, excessive behavioral avoidance may decrease the opportunity to learn that stimuli initially perceived as threatening are actually safe (Mowrer 1960) . While attention biases either towards or away from threat may therefore be problematic, the mechanisms underlying threat-related attention biases remain unclear.
The current results may explain why children with anxiety and depression, but not typically developing children, have a maladaptive pattern of attention to threatening stimuli. Results indicate that threatening stimuli appear to more effectively engage stimulus-driven attention in children prone to anxiety or depression. Stimulus-driven attention entails an involuntary, rapid (<150 ms) capture of attention by a salient stimulus followed by a shift of attention away from the location of the salient stimulus, referred to as inhibition of return (within 500 ms) (Corbetta and Shulman 2002; Klein 2000) . Results from the current study suggest that in children with a history of anxiety or depression, when threatening and nonthreatening stimuli are presented simultaneously, the threatening stimulus captures stimulus-driven attention, resulting in an early vigilance followed by later avoidance of the threatening stimulus. This pattern is supported by the finding that the more vigilant the child was for threat initially (150 ms), the more avoidant the child was at a later time point (500 ms), consistent with the timing and pattern of stimulus-driven orienting. At least one other study has reported a similar correlation between early threat vigilance and later threat Fig. 2 Threat avoidance 500 ms after the appearance of emotional faces is associated with threat vigilance at 150 ms and increased stimulus-driven attention in youth with a history of an anxiety disorder and/or depression (ANX/DEP). Among ANX/DEP, attention bias to threat at 500 ms is negatively correlated with both attention bias to threat at 150 ms and stimulus-driven attention. To graphically depict these negative correlations, ANX/ DEP subjects are divided in the 50 % of subjects with the highest (red) and lowest (blue) threat bias at 500 ms. (a) ANX/DEP Subjects with the lowest threat bias (or highest threat avoidance) at 500 ms had the highest threat bias at 150 ms. (b) ANX/DEP subjects with the lowest threat bias (or highest threat avoidance) at 500 ms had the highest measures of stimulus-driven attention to a generic, non-emotional stimulus avoidance, albeit in children with no psychiatric history (Vervoort et al. 2011 ).
An additional finding in the current study supports the hypothesis that stimulus-driven attention is involved in attention bias towards threat. Among children with a history of anxiety or depression, the greater a child's magnitude of initial stimulus-driven orienting to generic, non-emotional cues, the more that child avoided threat at the later time interval. The most succinct explanation of this result is that children with faster initial stimulus-driven orienting also have faster inhibition of return. Since inhibition of return may be driving threat avoidance at later time intervals, greater inhibition of return results in greater threat avoidance. These findings suggest that stimulus-driven orienting may underlie threat vigilance and threat avoidance in children with a history of anxiety or depression.
Critically, the link between early threat vigilance and later threat avoidance was present only in children with a history of anxiety or depression and not in children without a psychiatric history. This pattern of results suggests that threatening stimuli are more likely to capture stimulus-driven attention in children with a history of anxiety or depression. Individual differences in the speed of stimulus-driven orienting, therefore, may only relate to individual differences in attention to threat in children with a history of anxiety or depression.
It is important to note that our measure of early threat bias reflects faster engagement of attention by angry versus neutral faces (Koster et al. 2006 ) while the measures of both generic stimulus-driven attention and late threat bias reflect a mixture of engagement by and disengagement from generic and emotional cues (see methods for details) (Klumpp and Amir 2009; Koster et al. 2004) . Although the complex nature of these tasks complicates interpretation, the most succinct explanation is that subjects with fast engagement of threat at 150 ms were the fastest to disengage the threatening stimulus and attend to the neutral stimulus at 500 ms. The alternative explanation is that subjects with fast engagement of threat 150 ms after the stimulus appeared had slow engagement of threat 500 ms after stimuli appeared, which is highly counterintuitive. Nevertheless, we completely cannot rule out task differences as an explanation for the negative correlation between threat bias at 150 ms and threat bias at 500 ms.
The most straightforward explanation of our results is that the initial rapid orienting phase of stimulus-driven attention is associated with early threat vigilance, and the later inhibition of return phase is associated with threat avoidance. Alternatively, previous investigators have suggested that the later avoidance of threatening stimuli in anxious children is a voluntary, adaptive process that serves to minimize distress. Consistent with this hypothesis, previous work suggests that while all children appear to attend to threat at early time intervals, children with greater effortful control are more likely to avoid threatening stimuli at longer time intervals (Derryberry and Reed 2002; Lonigan and Vasey 2009; Lonigan et al. 2004) . Another explanation that reconciles this previous work with current results is that children with more rapid early vigilance to threat more strongly voluntarily avoid threat at later time intervals.
As stated above, the literature in pediatric samples is mixed, with studies reporting both threat vigilance and threat avoidance associated with anxiety. In the current study, children with no psychiatric history exhibited an attention bias towards threat and an attention bias away from sad stimuli relative to children with a history of anxiety or depression. Many factors likely contribute to the variation across studies including subject age, degree of perceived threat during the experiment, duration of stimulus presentation, and the specific anxiety disorders studied (Shechner et al. 2012) . The current study lends support to the vigilance-avoidance pattern of attention to threat (Cisler and Koster 2010; Mogg et al. 2004) indicating that attention bias towards versus away from threat may depend on the duration of stimulus presentation. It is also important to consider that most of the children in the clinical group no longer met criteria for an anxiety disorder or depression at the time of the study, and so results may be related to a trait characteristic or a marker of recovery rather than ongoing symptoms.
An understanding of the mechanisms and timing underlying attention biases in children with anxiety and depression is important because computer-based tasks have been shown to reverse attention biases and improve symptoms (Eldar et al. 2012; Lowther and Newman 2014) . While attention bias modification shows promise as an emerging treatment, effect sizes are relatively small and benefits are inconsistent (Mogoase et al. 2014) . Most forms of attention bias modification rely on a variation of the dot-probe task with angry and neutral faces presented for 500 ms, although at least one prior study in youth has tested a modification of the spatial orienting paradigm (Bar-Haim et al. 2011) . The current study suggests that attention bias modification programs aimed at altering threat bias should focus on altering stimulus-driven attention to threatening stimuli. Attention bias modification paradigms should test using shorter stimulus presentation durations (e.g., 150 ms) that would more directly engage stimulus-driven attention. Further work is needed to understand the mechanisms underlying attention biases to inform attention bias modification designs.
In addition to attention biases towards negative stimuli, theoretical work suggests that there are alterations in basic attention mechanisms in anxiety and depression irrespective of the emotional content of stimuli. According to Eysenck's attentional control theory, anxiety disorders are associated with increased stimulus-driven attention and decreased goaldirected attention (Eysenck et al. 2007) . As a result, individuals with anxiety disorders are more likely to attend to novel stimuli, which are often interpreted as threatening.
Depression, on the other hand, has been associated with a range of cognitive deficits (Gotlib and Joormann 2010) , and may include deficits in both goal-directed and stimulus-driven attention. As with attention biases, any changes in basic attention mechanisms in youth with anxiety or depression would be highly relevant to understanding the pathophysiology and the design of treatments -such as training stimulus-driven or goal-directed attention directly. In the current study, consistent with overall cognitive deficits in depression, increasing symptoms of current depression were associated with lower measures of stimulus-driven attention. We did not detect a relationship between current anxiety symptoms and stimulusdriven attention. Given that our sample included mostly individuals who had recovered from depression and anxiety, more work is needed in actively anxious or depressed samples.
It is important to consider the current results in light of several limitations. We compared typically developing children to children with a history of depression and/or an anxiety disorder, most of whom no longer met criteria for either disorder at their most recent assessment. It is unclear whether results from actively ill youth would differ. In addition, because of high rates of co-morbidity in the study sample, we did not have sufficient power to separately analyze youth with a history of depression only versus youth with a history of anxiety disorders only. Finally, the study was limited by a relatively small sample size and narrow age range.
This study provides several pieces of evidence supporting the hypothesis that stimulus-driven attention is associated with threat bias but not sad bias in youth that have suffered from an anxiety disorder or depression. Current estimates suggest that around 30 % of youth experience an anxiety disorder or depression (Merikangas et al. 2010) , and most adults with anxiety or depression experienced symptoms during childhood or adolescence (Kessler et al. 2005) . Given the impairing nature of these illnesses and the evidence that attention biases may have an etiological relationship to these disorders, studies such as the current investigation that explore associations between basic attention processes and negative attention biases are needed to better understand the developmental pathophysiology and inform treatment development.
